Abstract This study aimed to review studies exploring the effect of physical activity on affect in advanced age with a special focus on the moderating role of fitness improvement and mode of exercise and to examine those studies in relation to the potential mechanisms for explaining the physical activity-affect relationship. Studies were assembled through a computer search of online psychological, medical, and exercise science databases. Randomized controlled studies having as their purpose the examination of physical activity effects on affect, with a mean sample population age of at least 50 years, were included. Thirtynine studies were collated and divided into three groups: those applying aerobic activity, those applying strength training, and those applying non-specific physical activity. The main finding was that aerobic exercise and aerobic fitness do not moderate the effect of physical activity on affect. While fewer than 50% of the aerobic studies reporting fitness improvement also reported improvement in affect, over 50% of the strength training studies and of the non-specific exercise studies reported improvement in affect. Theories with a physiological orientation claiming that aerobic fitness is the mediator between physical activity and affect are not supported, whereas theories with a psychological orientation maintaining that alterations in affect are not dependent on physiological alterations do receive support. It is argued that the differentiation between physiologically and psychologically oriented theories is arbitrary. It is recommended that the relationship between physical activity and affect be explored further, embracing a psychophysiological perspective in which the psychological and physiological perspectives are complementary.
its wake attrition in a wide variety of cognitive abilities [64] . Affect, on the other hand, may be altered throughout the life span-not necessarily as a function of the aging process per se but rather as a function of personal adjustment to health or other environmental factors [52] . This difference impacts on the mechanisms explaining the relationship between these dimensions and physical activity and consequently on the modes and doses of physical activity needed to engender the changes. The mechanisms explaining the relationship between physical activity and cognition are based on exercise-induced physiological processes occurring as a result of aerobic activity, which counteracts the decline which occurs during the aging process [28] . On the other hand, the proposed mechanisms explaining the relationship between physical activity and affect include both physiological theories based on changes triggered by aerobic exercise and psychological theories which do not necessarily imply specific modes of physical activity.
Researchers with a physiological orientation argue that physiological changes in cardiovascular function [39] , neural hormones [48] , endorphins [73] , and body temperature [23] are the mechanisms mediating physical activity and affect, and thus specifically prescribed aerobic exercise is required to engender these changes. A noteworthy physiologically oriented theory in exercise science is based on asymmetrical anterior brain activation, which shows that this asymmetry, as measured by an electroencephalogram (EEG), can serve as a biological marker of affect [21] . A series of studies assessing the relationship between frontal asymmetry and exercise in young participants indicated that resting EEG asymmetry predicted postexercise affect, specifically an increase in activated pleasantness, and this appeared to be influenced by aerobic fitness [60, 61] .
Researchers with a psychological orientation, who view the exercise-affect relationship as an exclusively psychological phenomenon, maintain that alterations in affect are caused by distraction from the stresses of life [3] , changes in self-efficacy [5] , feelings of mastery [76] , and social interaction [42] -things which make people "feel better" [44] . Consequently, the alterations in affect engendered by physical activity are not dependent on physiological alterations and may be achieved by different modes of physical activity at various intensities. Spirduso and Cronin [69] suggested that physical activity can enhance quality of life in the elderly without improving cardiorespiratory status. They postulated that the act of exercising might be beneficial in and of itself. Furthermore, even if alterations in aerobic fitness are achieved, alterations in affect are not necessarily associated with them. Studies reporting improvements in fitness and in well-being in older adults as a result of aerobic exercise found those improvements to be unrelated (e.g., [42] ).
Previous reviews
Quite a few studies have posed the question of whether physical activity alters affect in old age. Not unexpectedly, these studies differ on all possible variables, including mode of exercise, exercise dose, and affective measurements. Quantitative reviews examining exercise modality as a possible moderator of physical activity effect on various aspects of well-being, including affect, have produced conflicting results. One meta-analysis [55] indicated an association between resistance training and reducing depression, while no such association was indicated by those on anxiety [36, 59] . Another more recent meta-analysis [71] indicated that resistance training may be equally effective in reducing depressive symptoms compared to aerobic activity. Two meta-analyses focusing on older populations were also inconsistent with each other in their findings. One reported that strength training had a greater effect size than aerobic exercise on the activity-mood relationship [2] , while the other [53] found that aerobic training (followed closely by strength training) was the most beneficial means of altering well-being. Furthermore, in contrast to previous findings of no dependency between physical fitness and well-being improvement [42] or between fitness and a decrease in depression symptoms [71] , the meta-analysis by Netz and colleagues did find that improvements in both cardiovascular capacity as well as strength were significant moderators of the relationship between physical activity and well-being.
In addition to their conflicting results, most studies included in previous reviews used aerobic exercise as the treatment modality, causing some inequalities in the comparisons between exercise modalities. For example, in a review assessing the effects of physical activity on depression and anxiety disorders [24] , 16 out of 19 studies used aerobic exercise and only three used resistance training. The same trend was evident in the meta-analyses mentioned above focusing on older adults [2, 53] .
Additionally, previous reviews discussed the relationship between physical activity and different aspects of wellbeing using a broad perspective. They did not focus on intervention studies examining the ability of physical activity to alter affect in old age. Affect is a cornerstone of well-being [70] . In later life, the physical, mental, and social changes that accompany aging bring with them challenges to affective well-being that are above and beyond those routinely experienced by most younger individuals [70] . Not surprisingly, quite a few studies point out the high prevalence of depression in the elderly (e.g., [9] ). As people age, they must continually adjust to major challenges, such as declining physical ability and declining health, the loss of loved ones, retirement, reduced income, new social roles, and relocation of physical living arrangements [31] . Exploring the potential of physical activity for reducing negative feelings and stimulating positive feelings may contribute to well-being in older age. Similar to previous reviews [19, 55] , the present review includes both non-clinical and clinically depressed populations. On the other hand, other clinically unique populations such as demented individuals or Parkinson's disease patients were excluded due to a wide range of possible uncontrolled confining variables.
The purpose of the current review
The purpose of this paper is therefore to review studies exploring the effect of physical activity on affect in advanced age with a special focus on the moderating role of fitness improvement and mode of exercise. Although it is a descriptive review, it may provide an answer to the question of whether improvement in affect depends on improvement in physical fitness (if it does, it is meaningful in terms of determining the exercise dose needed for altering affect) and to the question of whether aerobic activity is superior to strength training or other exercise modes in altering affect in old age. A discussion of these issues can also provide insight into some of the potential mechanisms driving the physical activity-affect relationship. As this review incorporates many recent studies not included in past reviews, it will also re-examine whether aerobic exercise is still dominant as a training modality in studying the effect of physical activity on affect.
Method
This review adopts a broad definition of both physical activity and affect. Despite the various distinctions between mood, affect, and emotion, most researchers use these terms interchangeably when studying the relationship between affect and physical activity [2, 42] . Studies reviewed herein were gathered from a computer search of several online psychological, medical, and exercise science databases, scrutinizing the contents of all likely scientific journals and publications as far back as available. Three primary inclusion criteria were adopted: first, the study had to have as its purpose the examination of physical activity effects on affect; second, each study had to include older adults (mean age of at least 50 years old) in its sample population; third, the study had to be a randomized controlled trial.
In terms of the mediating mechanisms proposed for explaining the relationship between physical activity and affect, it is appropriate to differentiate between three groups of studies based on the training modality they apply. While studies using aerobic activity assume that cardiovascular change is the mediating mechanism between activity and the affective component, studies applying resistance exercise assume that strength improvement is the mediating mechanism. On the other hand, studies applying mixed and assorted modalities generally assume that any physical improvement or subjective perception of improvement is the mediating mechanism. Therefore, the studies in this review were divided into three different groups: those applying aerobic activity, those applying strength training, and those applying non-specific physical activity or in some cases mindful activities such as yoga or Tai Chi.
Review of the studies
Seventeen studies were included in the first group, which assessed the effect of aerobic exercise on affect [10-13, 16, 25-27, 32, 34, 38, 45, 46, 50, 54, 57, 72] . Eleven studies were included in the second group, which examined the effect of strength training on affect [17, 18, 20, 29, 49, 57, [65] [66] [67] [68] 74] , and 15 studies on non-specific physical activity or mindful activities such as yoga or Tai Chi were included in the third group [4, 7, 8, 10, 15, 16, 18, 30, 40, 47, 41, 56, 58, 75, 77] . One study [57] compared aerobic and resistance training to a control group in reducing depression and thus was included in both the first and second group. Another study [18] , which compared resistance training and general exercise to a control group in altering depression and vitality, was included in both the second and third group. Two others [10, 16] , comparing aerobic exercise and mindful activities to a control group, were included in the first and third group. While the studies within all three groups vary in terms of the study period, the frequency of exercise, and type of the control groups, most of them examined depression as the affective measure.
Studies applying aerobic activity
Most of these studies (15 out of 17) assessed aerobic fitness (usually VO2max) in addition to the affective measures. Of the 15 studies that reported an increase in aerobic fitness, only five also reported affective improvement [12, 13, 32, 57, 72] , and two [16, 46] reported partial improvement in affect(only a selective sub-group of the experimental group improved). An additional four of those 15 studies reported affective improvement in both the experimental aerobic group and in the non-aerobic exercise control group [34, 50, 54] or in both the aerobic and attention non-exercise control group [45] . These four studies do not support the superiority of aerobic exercise or aerobic fitness in altering affect. Four studies out of the 15 [10, 11, 25, 26] did not report any affective improvement. Of the two studies which did not assess aerobic fitness, one study reported affective improvement in the aerobic group [38] , and the other reported improvement in both the aerobic and non-exercise control groups [27] , again questioning the ability of aerobic exercise to alter affect.
These findings indicate that fewer than 50% of the aerobic studies reporting fitness improvement reported improvement in affect as well. Lack of results in the literature is often explained by methodological shortcomings (e.g., [42] ). However, the studies reporting fitness improvement but not affect alterations are not inferior methodologically to those reporting affect changes. The fact that they vary in terms of duration, frequency, type of control groups, and other variables provides support for the idea that lack of improvement is not a function of doseresponse variables. For example, Blumenthal et al. [10, 11] [50] , which compared alterations in depressive symptoms between aerobic exercise and low-intensity resistance/flexibility training groups following 24 weeks of exercise. This specific study did not report fitness improvement in the aerobic group; however, reports of fitness improvement in this aerobic group were published in previous studies (e.g., [14] ). Furthermore, in spite of the finding that the low-intensity resistance/flexibility control group deteriorated slightly in terms of cardiorespiratory fitness [14] , a reduction in depressive symptoms following 6 months of intervention was found in both groups-the relatively intensive aerobic group and the low-intensity resistance/flexibility group. Moreover, this reduction was maintained at 12 and 60 months postprogram initiation in both groups.
Some aerobic studies reporting improvement in affect and in fitness as a result of aerobic activity intervention examined their interdependency. While one study [72] reported an association between the two, two other studies assessing home-based exercise [32, 57] reported an association between improvement in affect and exercise compliance rather than between improvement in affect and fitness. This may reflect a predisposition of those who choose to be more active to experience positive emotions. This predisposition supports the concept of approach-and-withdrawal behavior controlled by basic neuroanatomical asymmetry in the brain proposed by Davidson [21, 22] in his EEG and emotion studies. To approach or withdraw from a situation is a fundamental adaptive response, with approach behavior being associated with positive affect and withdrawal behavior being related to negative affect. In this framework, baseline measures of asymmetric anterior activation are associated with a propensity to experience positive or negative emotions, given the requisite environmental elicitors [22] , in this case physical activity. While greater right-relative-to-left frontal activation is associated with the withdrawal system and negative affect, greater left-relativeto-right activation pertains to the approach system and positive affect [22] .
Studies applying strength training
More interesting and relatively more recent are studies assessing the effect of strength training on affect. While 12 studies from before 2000 were found that employed aerobic training, compared to only five using strength training, from 2000 and onward, strength training and aerobic training modalities were employed in an equal number of studies-five aerobic trainings and five strength trainings. As in the aerobic group, quite a few studies (seven out of 11) assessed strength improvement in addition to pre-post differences in affect. However, while less than 50% of the aerobic training studies reported changes in affect as a result of the exercise, over 50% of the strength training studies reported affect alteration following the exercise. Of the seven reporting strength improvement, four also reported improvement in affect [17, 66, 68, 74] and two reported partial improvement [29, 49] . These studies varied in the length of the intervention. For example, while the study of Cassilhas et al. [17] reported improvement after 24 weeks, the Singh et al. [68] study was able to demonstrate improvement after 8 weeks and Tsutsumi et al. [74] after 12 weeks. One study [20] did not report any emotional alterations following 8 weeks of resistance training. Of the four studies which did not assess strength improvement, one study [67] reported alleviation in depression, and another one [65] reported partial improvement in depression. The other two [18, 57] did not observe any affective alteration following 12 and 24 weeks, respectively.
The study by Penninx et al. [57] , which compared the effect of aerobic and strength training on depression, deserves special mention. While depression was reduced following aerobic training according to this study, it was not altered following strength training. In contrast, the studies by Singh et al. [66] [67] [68] , Tsutsumi et al. [74] , and Cassilhas et al. [17] were unequivocal in indicating improvement both in strength and in mood and depression. Further, one of the Singh et al. studies [67] reported that the antidepressant effect of exercise was maintained over 20 weeks when laboratory-based supervised exercise was changed to unsupervised patient-directed weight lifting in gym or home settings. Moreover, this alleviating effect was maintained more than 2 years after the start of the intervention. Interestingly, one third of the participants initially assigned to the exercise group were still exercising after 2 years. This, again, may be explained by a disposition to exercise by those who gain more pleasure from it due to greater left-relative-to-right brain activation [22] .
Studies applying general non-specific physical activity
Only six studies out of the 15 in this group assessed physical measurements in addition to affect: one assessed strength [75] ; one mobility, strength, gait velocity, and balance [30] ; one strength and gait velocity [7] ; one balance and flexibility [56] ; one strength, balance, 6-min walk, gait velocity, chair stand, and stair climb [4] ; and one 6-min walk, 4-m walk, and chair stand [15] . Five of those six [4, 7, 15, 30, 75] reported affective improvements in addition to physiological improvements. However, four of the nine studies which did not assess physical improvement [16, 41, 47, 77] reported affective improvement, and two of the nine [8, 40] reported partial improvements.
Although variability in the studies applying non-specific physical activity is quite high, improvement in affect is generally demonstrated in more than 50% of them. As is the case in the other two groups, the variability in the studies reporting affective alterations in terms of the length of the intervention is quite high, including studies lasting 6 [47] , 10 [4] , 12 [41, 77] , 16 [15, 16, 30] , 24 weeks [7] , and a year [75] . One of the two studies comparing mindful activity (yoga) to aerobic activity found no alterations in either group [10] , and the other [16] reported partial improvement in both the mindful (Tai chi) and the aerobic group. The findings of the third non-specific group certainly calls into question the superiority of aerobic exercise over other types of exercise, as well as the dependency of improvement in affect on improvement in aerobic fitness.
Comparison with previous reviews Consequently, the findings of the present review are similar to past narrative reviews questioning the benefit of cardiorespiratory fitness for reducing symptoms of depression [24] or for enhancing quality of life (including affect) in advanced age [69] . They also support a previous review reporting no association between improvement in fitness and improvement in well-being among older adults as a result of aerobic exercise [42] . The present findings are also in-line with two previous quantitative reviews examining the effect of physical activity on mood [2] and on general well-being including mood [53] in older adults. While the Arent et al. review did not find dependency between fitness and mood improvement, the Netz et al. did find that fitness was a moderator. However, improvement in strength and functional capacity was just as much a moderator as cardiovascular fitness.
This review questions not only the superiority of aerobic exercise over strength training but also the superiority of any type of exercise mode in improving affect in advanced age. Many of the studies screened for this review applying strength training and non-specific exercise modes were able to demonstrate improvement in affect. This may explain, to some extent, the inconsistency found in previous quantitative analyses. While one [2] reported a greater effect size for strength training than for aerobic training in altering mood, the other [53] found that aerobic training was most beneficial in altering well-being, with strength training coming in a close second.
Limitations of the present review While this review is quite exhaustive in that it incorporates the vast majority of studies in the area, the shortcomings of such a narrative review are obvious. Comparing aggregates of studies which apply different designs and interventions and examine different populations is problematic. Furthermore, the single study that compared aerobic exercise to strength training in the same population did find that aerobic exercise was superior to strength training [57] . However, the fact that a greater proportion of successful to unsuccessful studies (in terms of demonstrating alterations in affect as a result of exercise) was in favor of strength training and non-specific exercise as compared to aerobic exercise does question the superiority of aerobic exercise over other modes of exercise.
It may be argued that clinical and non-clinical populations should be investigated separately, on the grounds that the mechanisms mediating physical activity and affect are different for the two types of populations. In addition, it has been shown that clinical populations are more sensitive to affect alterations than non-clinical [19] . Indeed, some metaanalyses focused on clinical populations [19, 37] , while the Netz et al. [53] meta-analysis studied non-clinical populations only. However, the moderating effect of the training modality or fitness improvement is no less questionable in clinical than in non-clinical populations. For example, while Blumenthal et al. [12, 13] indicated that aerobic exercise was very useful in alleviating depressive symptoms in clinically depressed individuals (in comparison to medication), Singh et al. [66] [67] [68] were able to demonstrate that strength training was also efficient in reducing depression in clinical populations. Yet, Brenes et al. [15] showed that a combination of the two was also useful for the treatment of depression. The superiority of aerobic exercise over other modes of exercise is therefore questionable in clinical as well as in non-clinical populations.
A theoretical perspective From a theoretical perspective, it seems that the present review supports the psychologically oriented theories, which do not imply any specific mode of physical activity but rather ascribe the mediating effect of physical activity on affect to its role in distracting from the stresses of life [3] , as well as to changes in self-efficacy [5] , feelings of mastery [76] , and social interaction [42] . It is possible that feeling of mastery and elevated physical self-esteem moderate people's affective reactions, as was demonstrated in some studies (e.g., [44, 50] ) and also reduce anxiety levels, possibly by dampening biological stress reactions such as cortisol concentrations [6, 63] . Furthermore, for older adults, whose self-efficacy may be deteriorating along with their functional abilities, physical activity may provide a mastery experience that leads to increased self-efficacy [43] , which in turn leads to improved psychological wellbeing [42] . The increase in self-efficacy and feeling of mastery may therefore be a mediating mechanism between physical activities and affect, especially in older adults. This increase in self-efficacy and feeling of mastery, however, is not necessarily a function of improved cardiovascular fitness; it may also be a function of increased strength or a function of simply participating in the activities, as proposed by Spirduso and Cronin [69] .
While the physiologically oriented theories implying that changes in aerobic fitness are necessary for altering affect are not supported in the present review, this does not mean that the mechanisms they propose do not mediate physical activity and affect. Alterations in neural hormones [48] , endorphins [73] , body temperature [23] , and frontal asymmetry [21] may also be the mediating mechanisms. However, these mechanisms have so far only been proven in relation to aerobic exercise and aerobic fitness. Furthermore, the differentiation between physiologically and psychologically oriented theories is somewhat arbitrary. With the tremendous increase of interest in the linkage between brain functioning, affect, and behavior [21, 22] , it is clear that rather than a dualistic reductionistic approach, a potentially more informative approach is needed that embraces mind-body unity, an approach captured in the psychophysiological perspective. Psychophysiology, as a field of study, involves the examination and viewing of psychological phenomena (cognitive, affective, behavioral) as related to and revealed through physiological principles and events. Psychological and physiological perspectives are believed to be complementary. Essentially, the point is that considering both physiological and psychological perspectives reduces the chances of error related to operationalization, measurement, and inference [62] . Perhaps affective responses to low-intensity activities are not related to measures of peripheral physiological activity, either because those measures examined to date (e.g., heart rate, oxygen uptake) have been irrelevant or have been influenced by a restriction of range or because the most relevant physiological measures are central and not peripheral [62] .
From the existing research, however, it is apparent that the psychological effect of exercise in advanced age is explained for cognition and affect through different channels. While the cognitive effect is clearly moderated by aerobic activity and aerobic fitness [28] , training modality and fitness improvement are not moderators of the physical activity effect on affect. This may only indicate that further investigations are needed to examine possible psychophysiological mechanisms mediating physical activity and affect.
Reservations in terms of practical implications
Viewed in practical terms, the existing body of information implies that, in general, physical activity in advanced age is recommended for altering affect but without any specific recommendation for training modality or dose of exercise. However, the existing research suffers from some limitations. One is the lack of studies focusing on positive affect. Most of them concentrate on negative affect, usually depression. Reducing bad mood and increasing good mood should be viewed as distinct and independent dimensions, not just opposite ends of a continuum [35] . This shortcoming is reinforced by the study of Kunzmann et al. showing that it is positive affect that declines steadily throughout aging, while negative affects remain the same or even decreases with age. As was suggested by Arent et al. [2] , physical activity could be much more appealing to the elderly if they were told it could make them feel "good" rather than simply "less miserable."
Another problematic issue in terms of practical implications is the disposition of some people to be physically active and of others to avoid exercise. All studies are based on volunteers. As was proposed by Davidson [22] , to approach or withdraw from a situation is a fundamental adaptive response, with approach behavior being associated with positive affect and withdrawal behavior with negative affect. This disposition has a physiological base reflecting neuron-anatomical asymmetry in the frontal lobes of the brain. Perhaps those who volunteer to participate in exercise studies are people who have a propensity to experience pleasure and thus have a positive approach to this activity. If this is the case, understanding the wellevidenced advantages of physical activity is not sufficient, and the promotion of physical activity will be effective only for those who enjoy exercise. Perhaps there should be more types of exercise recommended, so that people will be able to choose the type that they perceive will be pleasurable to them. It should be relatively easy to offer activities for those who find satisfaction merely in being active. Those people would most likely seek out the activities that give them pleasure. However, health and exercise promoters should offer physical activity incentives that also attract people who do not enjoy being physically active. For example, outdoor activities may be enjoyable for some people and group physical activities may provide pleasure to others. Yet for those who avoid both options, walking as a means of saving transportation expenses may also serve as an incentive. In other words, "packaging" exercise is also important.
Summary and conclusions
The purpose of the present review was to examine whether improvement in affect depends on improvement in physical fitness, which reflects exercise dose, and to explore whether aerobic activity, used most often as an exercise modality for altering affect, is superior to other training modalities in altering affect in old age. The main finding of this descriptive analysis is that neither improved fitness nor exercise modality serve as moderators of physical activity effect on affect. While quite a few studies have generally shown the potential of physical activity to alter affect, more studies are needed to understand the mechanisms mediating this effect. Rather than examining the link between physical activity and affect in a dualistic approach, differentiating between physiological and psychological mechanisms, it is recommended that a unified psychophysiological approach be embraced. More studies are also needed to investigate the moderating effect of exercise dose-response, as well as that of exercise modality in the exercise-affect relationship. As most existing studies examine the potential of physical activity in ameliorating negative feelings, such as depression, it is essential to assess the ability of physical activity to stimulate positive feelings as well, such as happiness and optimism.
